The phosphatidylinositol 3-kinase/Akt pathway enhances Smad3-stimulated mesangial cell collagen I expression in response to transforming growth factor-beta1.
Transforming growth factor (TGF)-beta has been associated with renal glomerular matrix accumulation. We previously showed that Smad3 promotes COL1A2 gene activation by TGF-beta1 in human glomerular mesangial cells. Here, we report that the PI3K/Akt pathway also plays a role in TGF-beta1-increased collagen I expression. TGF-beta1 stimulates the activity of phosphoinositide-dependent kinase (PDK)-1, a downstream target of PI3K, starting at 1 min. Akt, a kinase downstream of PDK-1, is phosphorylated and concentrates in the membrane fraction within 5 min of TGF-beta1 treatment. The PI3K inhibitor LY294002 decreases TGF-beta1-stimulated alpha1(I) and alpha2(I) collagen mRNA expression. Similarly, LY294002 or an Akt dominant negative construct blocks TGF-beta1 induction of COL1A2 promoter activity. However, PI3K stimulation alone is not sufficient to increase collagen I expression, since neither a constitutively active p110 PI3K construct nor PDGF, which induces Akt phosphorylation, is able to stimulate COL1A2 promoter activity or mRNA expression, respectively. LY294002 inhibits stimulation of COL1A2 promoter activity by Smad3. In a Gal4-LUC assay system, blockade of the PI3K pathway significantly decreases TGF-beta1-induced transcriptional activity of Gal4-Smad3. Activity of SBE-LUC, a Smad3/4-responsive construct, is stimulated by over-expression of Smad3 or Smad3D, in which the three C-terminal serine phospho-acceptor residues are mutated. This induction is blocked by LY294002, suggesting that inhibition of the PI3K pathway decreases Smad3 transcriptional activity independently of C-terminal serine phosphorylation. However, TGF-beta1-induced total serine phosphorylation of Smad3 is decreased by LY294002, suggesting that Smad3 is phosphorylated by the PI3K pathway at serine residues other than the direct TGF-beta receptor I target site. Thus, although the PI3K-PDK1-Akt pathway alone is insufficient to stimulate COL1A2 gene transcription, its activation by TGF-beta1 enhances Smad3 transcriptional activity leading to increased collagen I expression in human mesangial cells. This cross-talk between the Smad and PI3K pathways likely contributes to TGF-beta1 induction of glomerular scarring.